Recent findings suggest that genetic liability to depression is in part expressed as the tendency to display negative affect in response to minor stressors in the flow of daily life.
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together with prospective dimensional and diagnostic follow-up measurements of depression. In addition, since not everyone with high levels of stress sensitivity will develop depression, factors that might moderate transition to depression were examined. We predicted that indirect measures of genetic risk and polymorphisms in the genes encoding the serotonin transporter (serotonintransporter-linked or 5-HTTLPR) and the gene encoding brainderived neurotrophic factor (BDNF Val66Met) [2] [3] [4] [5] would moderate the transition from experiencing increased daily-life stress sensitivity to future affective symptoms. Furthermore, we hypothesised that the occurrence of negative life events would moderate this transition.
Method Sample
The study sample consisted of 621 women aged 18-46 years from a general-population twin sample from Flanders, Belgium. A total of 218 twin pairs were recruited from the East Flanders Prospective Twin Survey, a population-based survey that has prospectively recorded all multiple births in the province of East Flanders since 1964. 6, 7 Zygosity was determined as described elsewhere. 8 The project was approved by the local ethics committee and all participants gave written informed consent. The sample was restricted to a single gender, owing to the probability of qualitative differences in the type of environmental stressors that are associated with depression in men and women, 9 and gender-specific genetic factors for both neuroticism and depression. 10 
Experience sampling method
The experience sampling method (ESM) is a structured diary technique for assessing individuals in their daily living environment, and has been validated for the use of studying the immediate effects of stressors on mood. 1, [11] [12] [13] Participants were given a digital wristwatch and a set of ESM self-assessment forms, the latter collated in a booklet for each day. The wristwatch was programmed to emit a signal ('beep') at an unpredictable moment in each of ten 90 min time blocks between 07.30 h and 22.30 h on five consecutive days. At each beep, participants were asked to stop what they were doing and to fill out an ESM self-assessment form, collecting reports of thoughts, current context (activity, persons present and location), appraisals of current situation and mood (for further description see Wichers et al).
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Procedure
The sample was assessed at five time points, including a baseline (T 0 ) and four follow-up measurements (T 1 -T 4 ). The average period between T 0 and T 1 was 132 days, between T 1 and T 2 it was 91 days, between T 2 and T 3 it was 116 days and between T 3 and T 4 it was 91 days. The first interview was at the individual's home; follow-up data were collected using questionnaires and telephone interviews. All interviews were performed by trained research psychologists or graduate psychological assistants.
Measurements
Affective symptoms
The Structured Clinical Interview for DSM-IV Axis I disorders (SCID-I) was administered in order to obtain current and lifetime diagnosis of major depressive disorder. 15 The SCID interview was
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Aims
To examine associations between baseline ecological dailylife stress sensitivity and later depression, and to identify genetic and non-genetic factors moderating the transition from stress sensitivity to depression.
Method
Daily-life stress sensitivity was assessed at baseline in twins (n = 502). One baseline and four follow-up measurements of depressive symptoms and negative life events were collected, as well as interview-based diagnoses at baseline and last follow-up. Hypothesised genetic markers were determined.
Results
Baseline stress sensitivity was associated with increased depressive symptoms at follow-up and risk of major depressive disorder. Both genetic liability and major life events moderated the probability of transition from stress sensitivity to depression.
Conclusions
Onset of depression is attributable to pre-onset ecological measurements of stress sensitivity, particularly where genetic liability is high and individuals have reached a stage where the influence of competing environmental causes is low.
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conducted at T 0 and T 4 . At all time points, participants filled in the Symptom Checklist -90 -Revised (SCL-90-R). 16 The SCL-90-R depression and anxiety scales were averaged for each measurement occasion, resulting in a combined score reflecting affective symptoms.
Recent negative life events
At each time point an inventory of recent life events was made, based on the event list of the Interview of Recent Life Events (IRLE). 17 Participants reported if any of 61 events had occurred in the past 6 months (at baseline) or since the previous time point (at follow-up), and rated the event's impact on a five-point scale (1 very pleasant, 5 very unpleasant); for a further description see Jacobs et al. 8 Congruent with earlier analyses in this sample, 8 report of an event rated as unpleasant (scoring 4 or 5) defined life event occurrence, and a continuous exposure variable was calculated representing the number of such unpleasant events befalling the individual over the preceding 6 months. Since previous studies have shown that experience of early adversity may potentially confound the association between recent negative life events and risk of depression, 18 childhood adversity was measured using the shortened version of the 70-item Childhood Trauma Questionnaire (CTQ). [19] [20] [21] At the request of the Twin Registry the most explicit items concerning sexual and physical abuse were omitted; less explicit items were retained.
Daily negative affect and stress appraisals
Measures of stress and negative affect were collected at each beep in the ESM protocol at T 0 . In order to measure ESM event-related stress (hereafter referred to simply as 'stress'), participants were asked to report the most important event that had happened during the interval between the current and the previous beep. This event was subsequently rated on a seven-point bipolar scale (-3 very unpleasant, 0 neutral, 3 very pleasant). Responses were recoded to allow high scores to reflect stress (-3 very pleasant, 0 neutral, 3 very unpleasant). The ESM negative affect score was the mean of six mood adjectives ('I feel insecure/lonely/anxious/ low/guilty/suspicious') rated on seven-point Likert scales.
Genotyping
Placental tissue for DNA analysis was available for 156 participants, blood samples for 14 and buccal cell samples for 208; the last were obtained using sterile swabs specifically designed for the collection of buccal cell samples for DNA testing (Omni Swabs; Whatman plc, Brentford, UK). Genotyping of 5-HTTLPR was carried out as described previously. 8 The BDNF Val66Met (rs6265) genotyping was done by KBiosciences (www.kbioscience.co.uk), using an assay based on their in-house KASPar assay. For every monozygotic twin in the sample with genotypic data, the same genotypic data were included for the co-twin, assuming identical genotypes.
Statistical analysis
Previous studies by our group examined daily-life stress sensitivity using minor stressors as the exposure variable and negative affect in the flow of daily life as the response variable. 14, 22 In this study, however, the response variable was affective symptoms and dailylife stress sensitivity represented the exposure variable, the effect of which on affective symptoms needed to be modelled statistically. Therefore, the variable 'stress sensitivity' was constructed from the ESM observations reflecting the within-individual average effect size of stress on negative affect (based on an average of 27.7 effect sizes per participant). Furthermore, a variable was created representing the average negative life event score measured over T 1 -T 4 . The variable 'co-twin depression' was created to reflect familial vulnerability to depression and was defined as a past diagnosis of depression in the co-twin. In order to make maximal use of the five measurement occasions of affective symptoms, data were analysed in the long format using multilevel analysis techniques (XTMIXED command in Stata version 10 for Windows). Data from multiple follow-up observations (level 1) were clustered within participants (level 2), who were part of twin pairs (level 3). For the analyses with follow-up DSM-IV diagnosis of depression as the response variable, multilevel logistic regression analyses were conducted using the command XTGEE in Stata version 10. 23 In these analyses participant observations (level 1) were clustered within twin pairs (level 2).
First, the effect of baseline stress sensitivity on follow-up affective symptoms (T 1 -T 4 ) was examined, corrected for affective symptoms at T 0 . Similarly, the association between stress sensitivity and follow-up DSM-IV diagnosis of depression at T 4 was examined, but here, additionally, all participants with a DSM-IV diagnosis of depression at T 0 were excluded. In case of significant linear effects, the dose-response relationship of the association was examined by dividing the distribution of stress sensitivity by its tertiles using the XTILE command, thus creating tertile groups. Second, interaction effects were examined between stress sensitivity on one hand, and on the other familial risk (co-twin depression), indirect genetic risk (i.e. examining monozygotic and dizygotic genetic contrasts using the zygosity6co-twin depression interaction term), direct genetic variation using 5-HTTLPR and BDNF Val66Met genetic polymorphisms, and post-baseline negative life events. These interaction effects were examined for both the dimensional outcome of depression and DSM-IV diagnosis of depression measured at T 4 . All interaction analyses were corrected for SCL-90-R score of affective symptoms at T 0 . In those with a follow-up diagnosis of major depression as the dependent variable, individuals with a diagnosis of DSM-IV depression at baseline were excluded. In the analyses using co-twin measures of familial risk or indirect genetic risk, sensitivity analyses were performed with additional correction for baseline current or past DSM-IV diagnosis of depression. Analyses including negative life events were corrected for the continuous score of early adversity as measured with the shortened version of the CTQ. Variables were standardised in order to report standardised effect sizes.
Results
The total sample consisted of 621 White women, of whom 610 participated in the ESM procedure. Thirty-one women were excluded because they had missing or too few valid ESM selfreports. Another 49 were excluded owing to missing ESM data and 28 were excluded owing to insufficient ESM data for the construction of the within-individual averaged effect size of stress on negative affect. This resulted in a data-set of 502 individuals who were part of 250 different twin pairs (152 were monozygotic twins, 97 were dizygotic twins and one pair was of unknown zygosity) and included 36 non-twin sisters (see Table 1 for a description of the sample). Data with respect to follow-up affective symptoms were present for 481 participants at T 1 , 476 at T 2 , 450 at T 3 and 443 (88%) at At baseline, 89 of 502 (17.7%) participants had at some time fulfilled DSM-IV criteria for major depression (hereafter referred to as 'history of major depression') and 51 of 391 (13%) developed a DSM-IV diagnosis of depression between baseline and T 4 , of whom 14 had a baseline history of major depression. Sixteen per cent of those with high (highest 33%) daily-life stress sensitivity and with no history of major depression developed major depression in the period between baseline and T 4 , compared with 10% of those with average sensitivity and only 6% of those with low sensitivity. Almost half (46%) of those who developed major depression had displayed daily-life stress sensitivity at the level of the highest 33% at baseline. People with a baseline history of major depression showed significantly increased daily-life stress sensitivity (b = 0.35, P = 0.002). A significant association was present between the variables making up the baseline stress sensitivity6post-baseline negative life events interaction term (b = 0.08, P = 0.043). No other association was present between variables in other interaction terms.
Baseline stress sensitivity and follow-up affective symptoms
Baseline daily-life stress sensitivity was significantly associated with follow-up affective symptoms (b = 0.16, P = 0.01, corrected for baseline). Additionally, a dose-response association was apparent from the comparisons of average v. low stress sensitivity (b = 0.43, P = 0.005) and high v. low stress sensitivity (b = 0.46, P = 0.003) ( Fig. 1(a) ). The regression coefficient linear trend was significant (b = 0.24, P = 0.003). Furthermore, baseline stress sensitivity was significantly predictive of major depression at follow-up in participants without current major depression at baseline (OR = 1.34, P = 0.048). Again, a dose-response association was apparent from the comparisons of average v. low stress sensitivity (OR = 1.10, P = 0.82) and high v. low stress sensitivity (OR = 1.75, P = 0.16); Fig. 1(b) . The b linear trend, however, was not statistically significant (b = 1.34, P = 0.14). A post hoc analysis showed that excluding additionally those with a past diagnosis of depression at baseline further strengthened the association between stress sensitivity and follow-up diagnosis of depression (OR = 1.43, P = 0.030).
Moderation of association between stress sensitivity and later depression
Familial vulnerability to depression
There was no interaction between co-twin depression and baseline stress sensitivity in the model of follow-up affective symptoms (w 2 = 0.88, P = 0.35). However, in probands with co-twin depression the association was greater (b = 0.29) than in those without co-twin depression (b = 0.14). A sensitivity analysis, additionally corrected for a baseline history of major depression, showed similar effect sizes (co-twin depression b = 0.26, no co-twin depression b = 0.12; interaction b 2 = 0.74, P = 0.39). Similarly, no significant interaction effect was found in the model of followup major depression (b 2 = 0.04, OR = 0.93, P = 0.84).
Genetic vulnerability to depression
The three-way interaction effect (w 2 = 4.42, P = 0.036) between co-twin depression and baseline stress sensitivity in the model of follow-up affective symptoms was significantly greater within 
Recent negative life events (post-baseline)
Corrected for baseline depressive symptoms and early adversity, a significant effect of post-baseline negative life events on follow-up depressive symptoms was apparent (b = 0.74, P50.001) as well as a significant effect on follow-up major depression (OR = 1.43, P = 0.014). In addition, a significant interaction was apparent between post-baseline negative life events and daily-life stress sensitivity in the model of follow-up depressive symptoms (w 2 = 5.67, b = 70.12, P = 0.017). Although tertile group analyses also showed that the effect of negative life events diminished with increased baseline stress sensitivity, these stratified analyses did not yield significant results (average compared with low stress sensitivity, b = 70.02, P = 0.92; high compared with low stress sensitivity, b = 70.10, P = 0.48; dose-response trend b = 70.06, P = 0.38; Fig. 2 ). There was no significant moderating effect of negative life events in the model of follow-up major depression.
Discussion
Daily-life stress sensitivity predicted future increase in affective symptoms -shifts to higher positions on the depression continuum, 24 as well as transition to a full-blown DSM-IV depressive disorder in women without any history of such disorder. In addition, results were compatible with a dose-response relationship: the higher the stress sensitivity, the greater the association with later affective symptoms. However, shifting from low to average stress sensitivity predicted the largest increase in risk, whereas a shift from average to high made a minor extra contribution. The dose-response association did not reach significance for follow-up diagnosis of depression. This is the first study showing associations between stress sensitivity in daily life and future depressive symptoms. Replication is necessary before considering the findings conclusive.
Role of genetic moderators
The findings (based on both indirect and direct genetic measures) support the hypothesis that genetic factors moderate the effect of daily-life stress sensitivity on a future upward shift along the depression continuum. Indirect genetic vulnerability -sharing 100% of genes with a person with a history of depression compared with sharing only 50% -was shown to increase the effect of daily-life stress sensitivity on future depressive symptoms. Also, variations in polymorphisms associated with depression suggest a genetic influence. Participants with a Met allele in the BDNF Val66Met polymorphism, compared with those without this allele, were at increased risk for transition of stress sensitivity to the development of new affective symptoms. The Met alleleassociated with lower BDNF serum levels than the Val allelehas been associated with stress-related outcomes, and metaanalyses (although not all) suggest association between BDNF and depression at various phenotypic levels. [25] [26] [27] In addition, recent studies that examined possible moderation by BDNF Val66-Met of the effect of stress on depressive symptoms show a similar increased risk associated with the Met allele. 2, 28, 29 Therefore, the current findings agree with existing literature and extend it to minor stressors in the flow of daily life.
In addition, variation in 5-HTTLPR was associated with increased risk of transition to symptomatic affective dysregulation: the short/long variant appeared protective compared with both the short/short and the long/long variants. The literature is inconsistent regarding the effects of 5-HTTLPR in relation to depression: both short/short and long/long variants have been shown to increase risk. 5, 30, 31 Therefore, the current finding should be interpreted cautiously and needs replication. To reduce noise and increase the probability of true-positive findings, future research should enrich studies with haplotype analyses or, if possible, data on epigenetic variation conveying information on the transcriptional activity of a particular segment of DNA.
Role of environmental moderators
Environmental factors also moderate the effect of stress sensitivity. Congruent with previous research, 32, 33 there were main effects of negative life events on both dimensional and dichotomous measures of depression. However, negative life events negatively moderated the effect of stress sensitivity on follow-up affective symptoms. Thus, the higher the level of stress sensitivity the lower the influence of negative life events on future depression. A possible interpretation of this result may be found in findings reported by Kendler et al, 34 who showed that the influence of life events on depression decreased with multiple past episodes of depression. The authors proposed 'kindling' or 'sensitisation' as the cause of this phenomenon, leading to more autonomous onsets of depression no longer related to major stressful events. Daily-life stress sensitivity has been shown to reflect sensitisation following past stress exposure. 18 It may be postulated that individuals with an increasing number of past episodes of depression will develop increased daily-life stress sensitivity (which indeed was the case in our sample) and that negative life events now have to 'compete' with daily-life stress sensitivity for new onsets of depression. This would support the theory, as discussed by Monroe & Harkness, 35 that stressors do not lose the capacity to trigger depression, but that even small daily-life stressors are able to cause depression, thereby overtaking -in terms of attributable fraction -onsets caused by infrequent major life stressors.
Stress sensitivity as an intermediate phenotype of depression
There is evidence that ecological daily-life stress sensitivity represents the behavioural expression of genetic risk of depression.
14 Our study findings indicated that additionally the mechanisms of stress sensitivity mediate onset of depression, i.e. are causal. Factors that substantiate the hypothesis of causality are temporal order, i.e. the exposure preceded the disease outcome; the presence of a dose-response association; biological plausibility; and consistency with other research findings. 36 Although causality is something that can never be concluded with certainty, the findings presented here support the notion that daily-life stress sensitivity causally influences the risk of future depressive symptoms. Furthermore, the strength of the association between the endophenotype daily-life stress sensitivity and depression appears to be dependent on both genetic and environmental factors, illustrating the complexity of the behavioural disorder that is major depression and the need for studies that take into account these complex interacting mechanisms.
Limitations
There was a certain amount of sample attrition in the follow-up measurements that may have introduced bias. However, the number of people who withdrew from the study was relatively small. Bias due to differential drop-out rates is unlikely since it is not to be expected that people with depression at follow-up with low baseline stress sensitivity dropped out at a different -or higher -rate than those with high baseline stress sensitivity.
The study population was large. There was thus enough power to detect differences in depressive symptoms using a dimensional scale. However, for the analyses using the dichotomous measure 'DSM-IV diagnosis of depression' as the outcome variable, especially for the power-hungry interaction analyses, low power might have contributed to inconclusive findings. Another issue is that exposure to life events is not necessarily a true environmental factor. 37 It has been shown that genetic factors influence exposure to life events. Therefore, findings should be interpreted accordingly. Finally, measurements of negative life events were based on self-report, as opposed to the use of structured interviews such as the Life Events and Difficulties Schedule, increasing the possibility of retrospective bias and introducing more error in the timing of event occurrence. Although negative life events were not rated specifically with regard to level of contextual threat, the rating of negative emotional attribution in the IRLE arguably constitutes a valid way of identifying those occurrences most likely to shape the risk of future depression.
